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A method to study the influence of hydration on skin 
permeability where the skin is immersed in saline for up 
to 30 hr and under circumstances where a steady state 
rate of permeation can be established in several minutes 
is indicated. These circumstances allow multiple, se-
quential runs over a period where the permeability coef-
ficients of some chemicals are gradually changing. It has 
been found that the permeabilities of water, methanol 
and ethanol are little affected by such hydration. How-
ever, there is a doubling of the permeability coefficients 
of butanol and hexanol during the first 10 hr of immer-
sion. More hydrophobic alkanols seem to be less sensi-
tive to the protracted aqueous conditioning. In general 
the results indicate that there are complex molecular 
structure-permeability relationships operating in skin. 
More specifically, the hydration effects are insightful 
with respect to developing barrier models for skin as 
they are further indications that different parallel dif-
fusional paths are followed by polar and semi- and non-
polar species. 
The skin's P!'lrmeability may be assessed through an assort-
ment of in vivo and in vitro techniques [1,2]. Where quantita-
tive structure-permeability data necessary for construction of 
theoretical models are sought, in vitro methods involving dif-
fusion cells fitted with excised skin are a preferred method [3-
6] as interpretation of clinical experiments is confounded by 
generally unfavorable extraneous events such as differences in 
distribution, metabolism, and elimination of the members of a 
congeneric family. It is widely acepted that excised skin retains 
the essential barrier properties of the living integument but, at 
the same t ime, is not in a vital condition or a normal environ-
ment. Particularly unnatural in diffusional experiments is the 
standard practice of immersing both sides of the skin in water 
(saline) , a practice which allows computation of characteristic 
permeability coefficients for each penetrant during reduction of 
the diffusional data [7]. This exposes the stratum corneum to 
hydrating conditions rarely obtained in the ambience of its 
natural state and raises questions concerning the effects of 
water masceration on measured permeation velocities and the 
magnitude of discrepancy between in vitro and in vivo values. 
On occasion insights into the effects of hydration on skin 
permeability have been revealed. McKenzie and Stoughton [8] 
indicate cortocosteroid penetration may be increased up to 100-
fold, a factor likely exaggerated by the method of assessment, 
but nevertheless this and related work [9-11] have spawned the 
use of occlusive techniques in therapy. Using an in vivo method, 
Wurster and Kramer [12] indicate much more modest and 
structure dependent effects for salicylate esters, noting a 9-fold 
hydration induced increase for ethylene glycol salicylate and 2 
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to 3-fold increases for the more hydrophobic methyl and ethyl 
salicylate esters. Fritz and Stoughton [13] have indicated in 
vitro acetyl salicylic acid penetration is increased several-fold 
due to hydration and that the magnitude of the effect is 
temperature dependent. In an experiment similar to those 
presented here, Scheuplein [2) demonstrated about a 2-fold 
increase in butyric acid permeability over several days of resi-
dence of skin in a diffusional chamber. Of all these studies, only 
those of Wurster and Kramer and ofScheuplein are unequivocal 
evidence in that these authors obtain_ed their data after the 
steady state of absorption was established, and with other 
variables under adequate control. 
The present studies are an outgrowth of our attempts to 
defme whether human and hairless mouse skins behave simi-
larly diffusionally by studying permeation of the homologous 
alcohols [6,14] and then comparing results with data obtained 
by Scheuplein, Blank and co-workers [3,4,15-17]. There was a 
suggestion within accumulating data involving sequential runs 
on the same piece of skin that permeability coefficients might 
not be constant but slightly increasing. Investigations were 
therefore launched to resolve concerns over this possible exper-
imental variable to better define conditions yielding reliable, 
reproducible results from run to run. It was also realized that 
facilitation of permeation (percutaneous absorption) through 
hydration is of interest in its own right given its clinical impli-
cations. 
EXPERIMENTAL 
Chemicals 
The homologous n-alkanols and the tritiated wa ter used in these 
studies had the following sources: 
aH -water 
3H-methanol 
14C-ethanol 
14C-n-butanol 
NEN* 
NEN* 
ICNt 
ICNt 
14C-n-hexanol 
14C-n-heptanol 
14C-n-octanol 
ICNt 
CBct 
ICNt 
The alkanols were diluted into 0.9% Sodium Chloride Irrigation§ (sa-
line) to prepare the solutions for the runs. As previously, the final 
alcohol concentrations of the stock solutions were 10- 4 M or less and 
typically contained 100 JLCi!ml of the alkanols. 
Diffusion Experiment 
Small glass diffusion cells whose dimensions have previously been 
reported were employed [6,14]. The cells were assembled with the 
freshly excised mouse skin between the half-cells. The assembled cells 
were then immersed in constant temperature baths. Cell contents were 
stirred by propellers placed in close proximity to the membrane surfaces 
and connected to 150 rpm motors above the cell. 
M embrane 
The memhranes used were full thickness skin sections taken from 
the abdominal and dorsal surfaces of the hairless mouse, SKH-
hr-1 strain. ,I Hairless mouse males 40 to 80 days of age were sacrificed 
• N ew England Nuclear, Boston, Mass. 02218. 
i' International Chemical and Nuclear Corp., Irvine, CA 92664. 
t California Bionuclear Corp., Sunn Valley, CA 91352. 
§Abbott Laboratories, North Chicago, IL 60064 . 
~Skin Cancer Hospi tal, Temple University, Philadelphia, PA 19140. 
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by spinal cord dislocation. Rectangular sections of skin, several em in 
each dimension, were excised from the animal and adhering fat and 
other visceral debris were removed. After trimming each excised skin 
section into an oversized, rough circle, the tissue was placed in a 
diffusion cell with the desired, marked section centered in the cell 
opening. Stretching of the skin as evidenced by distortion or expansion 
of the circular marking was corrected and the cell halves were made 
fast with a spring clamp. The area ava ilable for diffusion between 
compartments was about 0.6 cm2• 
P ermeation Procedure 
Each half-ce ll was partially filled (-1 ml) with saline, was evacuated 
by syringe, and was filled with 1.4 ml of salin'e. ·The contents were 
mixed for 5 min to assw-e temperature equilibration. Two hundred JLl 
samples were withdrawn from each s ide and these were counted to 
assure that no residual radioactivity remained from previous runs. At 
this point the donor compar tment was charged with 2 radioactive 
alkanols, 100 JLl of the stock solu t ions of each. Two hundred JLl of saline 
were added to the receiver. At predetermined t ime in tervals samples 
were withdrawn from the respective compartments and transferred to 
vials containing scintillation cocktail** (10 ml) and were assayed on a 
B eckman Liquid Scintillation Counter.tt 
The moment for charging the donor half-cell marked the zero time 
point for the diffusional run. Two min were a llowed to elapse before 
t he initial donor sample was withdrawn to allow for uniform mixing 
and this sample was used as the estimate of the ini tia l donor cell 
concentration. The overall procedure was designed to maintain an 
essentially fixed concentration across th e membrane dw-ing the course 
of a run. Under this circumstance the permeation enters a pseudo-
steady-state and the permeabili ty coefficient of each a lkanol is readily 
ascer tained. 
After completion of a run, the compar tments were evacuated care-
fully with a syringe equipped with a flexible polyethylene tubule. Three 
complete 1.4 ml rinses with fresh saline were performed on each half-
cell with care not to disturb the membrane. T he triple rinse was 
repeated approximately on the half hour twice more. A 4th single rinse 
about 30 min fw- ther in time completed the rinsing procedw-e and the 
second run was begun as the fust. The spacing in t ime between 
beginnings of sequential runs was about 5 hr. The co-permeants con-
sisted of a tritium compound and a carbon-14 compound and were not 
changed during the cow·se of a given sequence. In most experiments 
3 H-methanol was run concurrent ly with another a lkanol and served as 
a run to run check on the integri ty of the membrane.tt It was necessary 
to run a 14C-compound with water and 14C-ethanol was chosen. 
Dual Label Procedure 
The scintillation counter energy windows were set to allow the 
separation of low energy emissions predominantly induced by tritium 
from the higher energy emissions induced by carbon-14 . Providing the 
concentrations of the radioisotopes were properly proportioned, it was 
possible to accurately factor the total disintegrations in to the compo-
nent tritium and cru·bon-14 contributions [18]. Single isotope runs were 
performed to establish t he general validity of the method. The dual 
label procedure was instituted primru·ily because it was found in pre· 
vious work in these laboratories with other biological membranes [19-
21] that animal to animal vru·iability could be neutra lized to an extent 
by referencing all data to a specified compound. T he increased output 
of dual permeation was an expected addit ional benefit. 
Data Analysis 
The data were plotted as counts collected in the receptor comprut-
ment as a function of time. Correction was made for sampling, which in 
all cases was done with replacement using saline. The permeabili ty 
coefficient for a given run was calculated from [14]: 
w h ere 
dC 
J.,.=P · A· /j.C=V-
dt 
(Eq.l) 
J.,. = the total pseudo-steady-state flux in cpm/sec across the 
skin 
•• Aquasol, New England Nuclear , Boston, MA 02118. 
tt Beckman Liquid Scint illa tion Counter, Model LS 200, Beckman 
Instruments, Inc., Fullerton, CA. · 
H Because of the low permeability of methanol through in tact skin , 
p hysical drunage to the membrane was readily detected by a sharp 
increase in its permeation rate. 
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P = t he permeability coefficient, (em/sec) 
A = t he diffusional ru·ea, (cm2 ) 
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C = t he concentration different ial across the membrane, which 
was taken to be equal to the donor phase concentration, 
(cpm) 
V = t he half-cell vo lume and volume of the receptor compart-
ment (cm3 ) 
dC/ d t = the steady-state slope in terms of cpm/cm3 /sec. 
RESULTS 
A sequentially obtained set of raw data for the co-permeation 
of butanol and methanol through an individual piece of skin 
over a 32 hour period is shown in Fig. 1. The plots are concen-
trations as a function of time. The time of initiation of an 
individual run is indicated as the zero time point on the respec-
tive curves. It will be noticed that the slopes for methanol are 
essentially invariant but, as time elapses, t here is a noticeable 
increase in the slopes for butanol. Permeability coefficients 
were calculated from the "steady-state" portions of each of the 
plots. 
In each complete experiment from 2 to 4 mice were sacrificed 
and both dorsal and abdominal skin sections excised, yielding 
from 4 to 8 sets of data for each alkanol pair. The complete 
data for the second pair of methanol-butanol experiments are 
representative and are provided in Fig. 2a. It is seen that there 
were, all told, 24 individual diffusional experiments at various 
times on the different skins in the greater experiment. There 
are several notable items in the data. First, for these 77 day old 
mice, the abdominal skin and dorsal skin values for a given 
piece of skin do not differ widely for either methanol or butanol 
and, since this was a general observation in all data sets, dorsal 
and abdominal data were pooled. Secondly, the apparently 
increasing slopes for butanol (Fig 1) were confirmed in increas-
ing permeability coefficients for each piece of skin, in increasing 
average butanol values at a given time (Fig 2 b) and in individual 
and average butanol to methanol ratios (Fig 3), all of which 
increase about 2-fold with respect to the initial value during the 
early third of the 30 hr experiments. A remarkable consistency 
in permeability coefficient values for a given skin section was 
seen and animal to animal variations were slight, which was for 
the most part true throughout the studies. 
The permeability coefficients for the 24 individual runs con-
stituting the greater methanol-butanol experiment (48 data 
points) are plotted against time in Fig 2a and as averages with 
error bars representing 1 SD on each side of the averages in 
Fig. 2 b. Here the data points were arbitrarily assigned to the 
times of init iation of the runs and it should be emphasized that 
the data for each run were collected over a pe1·iod extending a 
little over 2 hr beyond the start-up t ime. Fig 3 a is a plot of the 
butanol permeability coefficient to methanol permeability coef-
ficient ratios against hydration time while Fig 3 b shows the 
ave1·age values for these ratios at a given time point with error 
bars for butanol indicating the standard deviations associated 
with the ratio averages. Normalization with respect to methanol 
clearly reduces the variability evident in the butanol data 
(compare 2 b and 3b). 
All other data sets were processed as done for the butanol-
methanol run detailed here. These data are collected and sum-
marized in the Table, which gives the average results for the 
permeability coefficients, averages of the ratio values at a given 
time, numbers of skins involved, number of runs performed in 
the 28- 32 hr period, and standard deviations of the respective 
averages. In addition to the alkanols paired with methanol, a 
run involving tritiated water and 14C-labeled ethanol is included. 
The number of skins used to get the averages dropped incre-
mentally in some greater runs because occasionally a skin 
membrane was punctured in rinsing and methanol values in-
creased sharply, indicating the membrane damage. 
A graphical summa1·y of the data trends is presented in Fig 
4. Here the average permeability coefficients are plotted sem-
ilogarithmically against hydration time. This format has no 
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FIG 1. Series of amount penetrated versus time profLles for a set of 6 sequential permeation runs on a single skin. This is one set of data from 
the butanolmethanol series detailed in the text. The ini t iation time for each run in terms of the total elapsed time is indicated in the lower left-
hand corner of each plot. The individual time axes are in seconds and the amounts are in terms of counts per minute for a 200 Ill sample. The 
initial concentrations for each of the runs were virtually identical. The data are corrected for dilution due to sampling. 
special physical significance but allows display of the respective 
alkanol values, which vary over 50-fold in magnitude. General 
permeability patterns are somewhat compressed but it never-
theless can be seen that there are: (1) no increases in permea-
bility with passing time for water, methanol, and ethanol (for 
the data sets chosen the values actually decrease slightly with 
time), (2} systematic increases in the permeability of butanol, 
hexanol, and heptanol in the first l0h1· of experimentation and 
(3) an apparent increase and then decrease in the permeability 
of octanol, also over the frrst 10 hr. The plotted butanol and 
methanol data displayed were taken from the previously de-
tailed butanol-methanol runs. The ethanol data is that obtained 
when ethanol and water were co-permeants. The heptanol data, 
which were obtained several months after the other experi-
ments were completed, were uniformly greater than expected 
on the basis of hexanol and octanol runs. The methanol values 
obtained concurrently with heptanol were also higher than 
expected and it is believed that the 2 animals chosen for this 
experiment had atypically permeable skins. It was noted that 
these mice had substantial, residual prominent hair. Trends in 
these data fit well into the overall patterns qualitatively, how-
ever. 
The octanol data are unusual and need further elaboration. 
Fig 5 presents the individual octonal-methanol data for each of 
the 8 sections of skin, 4 abdominal and 4 dorsal as indicated. 
The invariancy in permeability of methanol for a given piece of 
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FIG 2. Permeabili ty data for a set of butanol and methanol runs. 
The upper set of data (a) are individual permeability coefficients for 
butanol (open symbols) and methanol (closed symbols ) for each skin 
employed. The data for each alkanol were averaged at each time point 
and standard deviations computed (b). In the lower graph the error 
bars indicate ± 1 SD. 
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FIG 3. Permeability ratios for a set of butanol-methanol runs. The 
upper plot (a) displays individual Pc/P c, ratios. Methanol is normal-
ized to itself and takes the value 1.0. In the lower graph the average of 
the individual ratios for the butanol-methanol run ru·e shown with error 
bars of± 1 SD width. 
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Summary of the average permeability coefficients and average ratios 
as a function of hydration time 
Hydration 
time (hr) 
0.5 
5.5 
10.5 
15.5 
20.5 
25.5 
29.5 
0.3 
5.8 
9.8 
13.8 
17.8 
26.3 
0.3 
4.3 
7.8 
11.3 
14.3 
26.3 
0.3 
5.8 
9.8 
13.8 
17.8 
26.3 
0.8 
5.0 
10.0 
15.0 
20.0 
28.0 
0.5 
5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
0.8 
6.2 
10.0 
15.0 
22.0 
27.0 
Avg. P X IO" (cm/ hrl ±SO 
"H-Wa t.er 
8 skins 
1.6 ± 0.6 
1.5 ± 0.5 
1.4 ± 0.5 
1.3 ± 0.4 
1.3 ± 0.4 
1.2 ± 0.4 
1.1 ± 0.3 
"H-Methanol 
4 skins 
1.8 ± 0.3 
1.6 ± 0.4 
1.7 ± 0.6 
1.9 ± 0.7 
1.8 ± 0.6 
1.8 ± 0.5 
"H-Methanol 
4 skins 
2.9 ± 0.6 
2.6 ± 0.5 
2.3 ± 0.5 
2.8 ± 0.7 
2.5 ± 0.9 
2.4" 
"H-Methanol 
4 skins 
1.7 ± 0.6 
1.6 ± 0.6 
1.5 ± 0.6 
1.5 ± 0.5 
1.4 ± 0.5 
1.5 ± 0.5 
"H-Methanol 
8 skins 
2.1 ± 1.0 
1.8 ± 0.7 
1.9 ± 0.8 
1.9 ± 0.8 
1.9 ± 0.9 
2.0 ± 0.9 
"H-Methanol 
4 skins 
6.1 ± 1.9 
5.7 ± 1.6 
5.2 ± 1.6 
6.0 ± 1.8 
6.3 ± 1.9 
6.2 ± 1.7 
5.8 ± 1.6 
"H-Methanol 
8 skins 
2.3 ± 0.9 
2.2 ± 0.7 
2.2 ± 0.7 
2.3 ± 0.8 
2.5 ± 1.0 
2.6 ± 1.0 
"C-Ethanol 
8 skins 
2.1 ± 0.7 
2.2 ± 0.6 
2.3 ± 0.7 
2.2 ± 0.6 
2.1 ± 0.6 
2.0 ± 0.6 
1.9 ± 0.6 
"'C-Ethanol 
4 skins 
2.0 ± 0.4 
2.0 ± 0.5 
2.1 ± 0.7 
2.3 ± 0.8 
2.1 ± 0.6 
2.2 ± 0.4 
"C-Butanol 
4 skins 
6.5 ± 0.9 
8.2 ± 0.9 
11.8 ± 2.0 
12.4 ± 2.4 
11.9 ± 3.3 
11.56 
"C-Butanol 
4 skins 
4.2 ± 1.2 
6.8 ± 2.2 
7.3 ± 2.0 
7.5 ± 2.0 
7.3 ± 2.0 
7.9 ± 2.1 
"C-Hexanol 
8 skins 
19.4 ± 7.8 
28.6 ± 9.6 
38.6 ± 12.3 
37.4 ± 11.2 
37.4 ± 11.9 
38.1 ± 11.5 
"C-Heptanol 
4 skins 
65.9 ± 24.4 
80.7 ± 39.4 
101.4 ± 24.2 
97.9 ± 27.2 
102.6 ± 23.9 
101.5 ± 22.0 
99.4 ± 22.6 
"C-Outanol 
8 skins 
78.2 ± 10.8 
120.8 ± 11.9 
94.5 ± 14.8 
93.1 ± 16.7 
94.8 ± 10.8 
97.0 ± 17.7 
Avg. Ratio± SO" 
[Pc, + Pt~,o] 
1.4 ± 0.1 
1.6 ± 0.2 
1.6 ± 0.2 
1.8 ± 0.2 
1.7 ± 0.2 
1.8 ± 0.3 
1.8 ± 0.2 
[Pc, + Pc,] 
1.1 ± 0.0 
1.3 ± 0.1 
1.2 ± 0.1 
1.2 ± 0.1 
1.2 ± 0.1 
1.2 ± 0.2 
[Pc, + Pc,) 
2.3 ± 0.2 
3.3 ± 1.0 
4.7 ± 0.7 
4.5 ± 0.7 
4.8 ± 0.3 
4.8h 
[Pc,+ Pc,] 
2.6 ± 0.3 
4.4 ± 0.7 
5.2 ± 0.6 
5.3 ± 0.6 
5.2 ± 0.5 
5.3 + 0.5 
9.6 ± 1.2 
16.4 ± 3.9 
21.3 ± 2.0 
21.1 ± 3.4 
20.8 ± 3.5 
20.4 ± 3.4 
[Pc, + Pc,] 
10.9 ± 1.2 
13.8 ± 3.4 
19.8 ± 1.8 
16.6 ± 1.8 
16.8 ± 2.0 
16.8 ± 1.5 
17.4±1.7 
[Pc8 + Pc,] 
36.3 ± 9.1 
61.5 ± 25.1 
48.2 ± 22.2 
45.0 ± 19.8 
45.3 ± 22.2 
43.6 ± 21.0 
" Ratio averages ru·e the average of the individually computed ratios, 
not the ratio of the averaged values. 
6 Three skins were damaged. 
skin as a function of time of immersion is again strikingly 
demonstrated, as is the usual degree of skin to skin variations. 
It is also seen th at in 8 cases ou t of 8 octano1 values increase 
dw-ing t h e fu·st 6 hr a nd in 7 of 8 cases t h ese fail back by the 
10-hr point to values which are approximately 25% higher t h an 
t h e init ial on es. The latter behavior makes t his compound 
unique w ithin t h e series. In Fig 6a t h e aver ages of t h e perme-
a bility coefficients are plotted with 1 SD error bars. The up 
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FIG 4. Semilogarithmic display of a consecutive set of averaged 
permeability coefficients (P .. v.l for each compound studied. The values 
span a range from a little over 1 X 10" cm/ hr for water to about 100 X 
103 cm/ h1· for heptanol and octanol. Hyw·ation effects are easily distin-
guishable for butanol and hexanol even on the logarithmic scale. 
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and down trend with octanol is obvious. In 6 b the same data 
are plotted as the averages of the ratios of the octanol perme-
ability coefficients to methanol permeability coefficients. Un-
like all other a lkanols paired in this fashion, standard deviations 
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FIG 6. Averaged permeability coefficients and averaged ratios for 
the octanol-methanol sequential runs. The upper graph (a) displays 
respective permeability coefficients averages at each time point. In the 
lower figure (b) the permeability coefficient ratios, C8/ C, , are averaged. 
In each case ± 1 SD error bars ru·e given. An up and down effect in 
octanol permeability coefficient is notable in both plots but in this case 
the variability is greater when the data are normalized to methanol. 
as indicated by the error bru·s are exaggerated by the ratio 
technique, suggesting octanol's permeability does not correlate 
well with methanol's. It is believed that this is a consequence of 
the beginnings of change of the rate controlling stratum for 
octanol, which has previously been shown to encounter a sig-
nificant aqueous tissue resistance during its passage [6]. 
DISCUSSION 
The present studies indicate that long immersion of hail·less 
mouse s!Un in saline is accompanied by alteration in permea-
bility of some small nonelectrolytes but not others. This obser-
vation is premised on a method of assessment which involves 2 
hr experiments run sequentially. It should be noted that sol-
vation effects occurring in the initial period of time encompass-
ing the cell system set-up and the diffusional lag of the fu·st run 
in a series, an elapsed time of about 20 min, go unnoticed in the 
method. Also to· be noted is the fact that the s!Uns ru·e used 
immediately after sacrifice and thus the hydration effects ru·e 
referenced to tissue in normally hycb-ated condition. The data 
patterns suggest that changes in permeability in the early 
moments of the initial run are not remarkable. There is even 
the hint in some sets of data that the hydration is sigmoid 
shaped, starting slowly and acelerating halfway through the 
initiallO hr. It therefore appears that the permeability of mouse 
s!Un to water, methanol and ethanol, is unaffected by the 
immersion. This is a surprising revelation given a prevailing 
belief most recently expressed in a review by Idson [22] that 
"Hydration of stratum corneum is possibly the most important 
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factor in skin penetration, increasing the rate of passage of all 
substances which penetrate the skin." Contrary to this belief it 
appears as if small and highly polar non-electrolytes permeate 
skin, at least hairless mouse skin, exempted from the effects of 
water masceration. In the absence of this observation it could 
be intuitively reasoned that such compounds should be the 
most sensitive to hydration influences as the more moisturized 
the stratum corneum, the more soluble such compounds should 
be within its phases. The simple physicochemical significance 
of the actual observation should not be lost; the rate controlling 
pathway(s) through this skin for the polar trio is (are) uninflu-
enced by the presence of presumably large amounts of imbibed 
water. 
In contrast to water and the polar alcohols, the penneabilities 
of the intermediate chain length alcohols, butanol, hexanol and 
heptanol, all appear to increase over the first 10 hr of experi-
mentation. All exhibit constancy in values for the remainder of 
the long experiments. Doubling of permeabilities of both bu-
tanol and hexanol are observed in the early hours under circum-
stances where the permeability of the reference co-permeant, 
methanol, exhibited invariancy. In 8 of 8 skins with butanol and 
4 of 4 skins with both hexanol and heptanol such increases were 
noted. There seems little doubt that butanol and hexanol and 
even heptanol permeabilities are actually increasing. The value 
of the dual label procedme is also evident. Because skin to skin 
differences in permeability affect most of the homologs in the 
same direction, relative values of the permeability coefficients 
(ratios) show less variation than the absolute values. Given 
known marked variability in human skin, the referencing tech-
nique could prove useful in smoothing data so that results 
obtained at different times with different skins may be better 
compared. 
The observation that hydration effects butanol and higher 
homologs but not the polar group is highly significant, for it is 
clear evidence that in some important way mechanisms of 
absorption for the two groups differ. Aklanol homolog profiles 
obtained on human epidermis in the pioneering work of Scheu-
plein and co-workers [3,4,15,16] and in recent work with the 
SKH-hr hairless mouse skin§§ also indicate that the small polar 
nonelectrolytes pass through a common pathway which is in-
different to normal chemical structme-partitioning influences. 
In other words, permeability coefficients of the group are tightly 
bracketed, a situation physico-chemically tantamount to per-
meation through a phase similar in polarity to the aqueous 
external medium. Some form of aqueous interstitial seams 
uninterrupted from one side of the stratum corneum to the 
other are envisioned. It seems, in addition, that whatever the 
"aqueous pore pathway," its extensiveness is unaffected by 
hydration; that is there is no apparent hydration effect for 
water and the low molecular weight alcohols. 
The influences of partitioning are evident in the incremen-
tally increasing permeability coefficients for the middle homo-
logs. Distribution coefficients between "oil and water" for alkyl 
homologous series follow the mathematical relationship: 
where 
log Kn 
log Ko 
and 
'IT 
log Kn = log Ko + ?Tn (Eq.2) 
the partition coefficient of the alkyl homolog of 
chain length, n 
the intercept of the log Kn versus n plot 
= the slope [23,24]. 
The 'IT constant reflects the methylene group (-CH2-) sensitivity 
within a homologous series for a given pair of organic and 
§§In contrast to our initial data [6,14] on the hairless mouse (Jackson 
strain) which indicated a partitioning dependency thl'ough methanol, 
more recent and far more extensive data on a different strain (Skh-
hr-1) prove PH,o ""PcH :~OH ""Pc,H,OI·I in this species. We are uncertain 
as to the cause of this appal'ent discrepancy. 
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FIG 7. The effect of 60°C scalding for 60 seconds on the permeabil-
ities of methanol and butanol in a set of sequenced runs. Hydration 
effects seen in 37°C immersion experiments for butanol are no longer 
evident. The solid lines ru·e curves for butanol from the 37°C experi-
ments and the fully hydrated values ru·e of the same general magnitude 
as seen with the scalded skin. It appears that scalding rapidly hydrates 
the skin. 
aqueous phases.~-~ Since partitioning is a dominating factor in 
permeability of a hydrophobic membrane [7,25], permeability 
coefficients tend to follow a prutitioning dependency slightly 
modified by moleculru· size effects on diffusivity. An interesting 
and possibly important fact is that the alkanol ?T-value from om 
collective hairless mouse permeation data [6,14], is about 0.3; 
within the limits of estimation not different from that evaluated 
from simila1· data on human skin, 0.3 [16]; rabbit and monkey 
vaginal mucosae 0.30 and 0.24, respectively [26]; and t he rat 
intestine, 0.26 [27]. This is suggestive-but hardly conclusive-
evidence that the permeation controlling hydrophobic phases 
involved are all of sirnilru· physico-chemical character. The 
Michaels, Chandmsekru·an, and Shaw [28] model of the skin 
barrier which views the critical event as being one of passage 
through residual cell membranes comprised of semicrystalline 
lipids is cel'tainly attractive in this regard. 
Paradoxically, the partitioning sensitive region of permeabil-
ity is also the region of hydration sensitivity. Water of hydration 
tempers the "lipoid" regions. In so far as can be assessed from 
these data, this is without much effect on the partitioning 
sensitivity as C4 and C6 homologs, which a1·e centered in this 
region, ru·e comparably affected. Thus it appears that the 
amount of water imbibed by the critical phases is not over-
whelming but sufficient to plasticize either residual membra-
neous lipids m the "protein lipid mosaic" of the intracellula1· 
space. 
The data for heptanol and octanol indicate that hydration 
effects taper off for these "hydrophobes." Scheuplein et al 
[3,14,16] and Flynn et al [6] have demonstrated that aqueous 
tissue resistances become increasingly more important as ho-
molog number is increased. This is of course also true for 
hydrodynamic boundary layers unavoidable in experiments 
such as these [6,25-27]. A muting of the hydration effect is thus 
expected as the rate controlling mechanism changes. For highly 
hydrophobic compounds, the effect should be limited to the 
influence of hydration on the aqueous diffusional resistances of 
the respective strata of the skin. The data of Wmster and 
Kl·runer [12] are interesting in this regru·d as they found per-
meation of hydrophobic sal icylates to be much less affected by 
hydration than glycol salicylate. 
The apparent increase and then decrease in octanol perme-
ability over the first 10 ru· of hydration (Fig 5 and 6) indicate 
there are competitive influences on its permeability as the skin 
is equilibrated. We are unable to rationalize at this time what 
events may be occurring but ru·e convinced the effect is not an 
experimental a1tifact. 
~~ It is widely believed that w for a given pair of distributioning 
phases is independent of the homologous series chosen, which is simply 
not the case as thermodynamic activity influencing factors in the 
organic phase are sensitive to the complete molecule. 
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Scheuplein and Blank have noted a 2-fold increase in the 
permeability of butyric acid due to hydration in sequential 
experiments [2]. However, in their extensive work with the 
alkanols, Scheuplein, Blanket al [3,4,15,17] do not report such 
alterations for experiments performed sequentially and the 
question is raised whether our results represent a basic depar-
ture in behavior of hairless mouse skin from human skin. Since 
the Scheuplein et al membrane work was with human epidermis 
separated by 60°C water applied for 30 seconds, we have 
subjected hairless mouse skins to approximately the same treat-
ment prior to excision of the skin and, without separating the 
epidermis, have studied the permeation of butanol and metha-
nol. The data are presented in Fig 7 along with smooth curves 
representing the behavior of butanol seen in the 2 sets of 
butanol experiments with nonscalded skin. No hydration effect 
is noted for methanol in agreement with the normal skin data. 
However, no hydration effect is seen for butanol in the heat 
treated case. Moreover, the averages of the data for the heat 
treated skin at every time are of the same magnitude as seen 
with fully hydrated skins. They fall between the plateau values 
for the previous experiments. It is hard to avoid the conclusion 
that the h eat and moisture of the scalding procedure used to 
separate the epidermis has hydrated the stratum corneum. 
These and other more extensive data to be separately published 
lead us to believe that heat separation obliterates hydration 
effects with the alkanols. 
It has been pointed out that McKenzie and Stoughton [8] 
claim up to a 100-fold hydration effect for cortocosteroids and, 
while their method raises some doubt concerning whether the 
effect is due to hydration alone, there is no doubt that occlusion 
potentiates t he clinical efficacy of such compounds. Considering 
the present data (hairless mouse skin) and th e butyric acid data 
(human skin) , where effects are maximally 2-fold, and the 
Wurster and Kramer data where a 9-fold effect is noted for 
glycol salicylate together with the presumed even greater effect 
on steroid penetration allows speculation that there may be 
pronounced molecular size sensitivity to hydration. The answer 
to this question is prerequisite to gauging the generalness of 
clinical utility of occlusive strategies. It would appear from 
these data that compounds of intermediate polarity are most 
likely to be affected and that occlusive hydration (as opposed 
to all other occlusive influences) will not promote the absorp-
tion of very small polar nonelectrolytes and very hydrophobic 
species for the reasons cited. 
Our final conclusion is an obvious one; given the results 
presented here, the influence of hydrating conditions found in 
diffusion cell work needs to be taken into account in designing 
percutaneous absorption experiments and, in the case of skin of 
the hairless mouse at least ten hours immersion are necessary 
before hydration induced influences are stabilized. 
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